Introduction Synthetic cannabinoid (SC) abuse has resulted in numerous outbreaks of severe clinical illness across the United States over the past decade. The primary objective of this study was to determine the clinical characteristics of patients abusing SC requiring bedside consultation by medical toxicologists. Methods This was a multicenter analysis from a prospectively collected cohort of patients presenting to medical care after synthetic cannabinoid exposure, utilizing the ToxIC Registry. Management of cases by medical toxicologists in this cohort occurred in emergency departments, inpatient medical floors, and intensive care units. Cases were identified from January 5, 2010 -July 31, 2015. We characterized the clinical presentations, treatments, outcomes, and sociologic factors associated with SC use in these patients. Results Medical toxicologists participating in the ToxIC Registry cared for 39,925 cases between 2010 and 2015. Three hundred fifty three of these cases were determined to be SC toxicity. The median age of patients was 25 (IQR: 18, 36) and the majority were males (84%). The most common symptoms were agitation, delirium and toxic psychosis, n=146 (41%). Forty-four (12.5%) had heart rates above 140 beats per minute. Bradycardia was the second most commonly reported severe vital sign abnormality with 20 (5.7%) having heart rates of less than 50 beats per minute. Fifteen (4.2%) patients had hypotension. Fifty-nine (17%) had seizures. The most common pharmacologic treatment provided was benzodiazepines (n=131,37%)followedbyantipsychotics(n=36,10%).Disposition was available for 276; of these 167 (61%) were managed in the emergency department, 42 (15%) were admitted to the hospital floor, and 67 (24%) were admitted to the ICU. Conclusions Synthetic cannabinoids are associated with severe central nervous system and cardiovascular effects.
Background
Synthetic cannabinoids (SCs), known as Bspice^or BK2^, have become common drugs of abuse in the USA [1] . The drugs are marketed as Bherbal incense^and viewed by many as a legal high. The drugs are commonly abused by individuals hoping to evade detection by drug screens, including active military members [2] . After marijuana, SCs are the second most abused illicit drug class by adolescents [3] . However, their use is still widely underreported due to limited methods of detection and inconsistent epidemiologic tools [4] . While preserving their core structure, SC molecules are continually altered by clandestine laboratories resulting in decreased ability to detect them in biologic samples [5] . Molecular infidelity, increased potency [6] , and limited detection capabilities have contributed to numerous public health outbreaks of clinical illness associated with SC abuse [4, [7] [8] [9] .
The term synthetic cannabinoid receptor agonist (SCRA) has been used in recent literature on the topic. We favor the more simplified term synthetic cannabinoid (SC). We believe that the SCRA term is biologically inaccurate; while synthetic cannabinoids are uniformly agonists at the cannabinoid receptor 1 (CB1), they are not necessarily agonists at all endocannabinoid receptors. For example, cannabidiol, a naturally occurring cannabinoid, is an agonist at the endocannabinioid transient receptor potential vanilloid type 2 (TRPV2) receptor, an antagonist at the cannabinoid receptor 2 (CB2) [10] , and a negative allosteric modulator at CB1 [11] . The SCs are likely to possess variable agonist and antagonist properties at the broad range of endocannabinoid receptors. The term SC is favored since it implies that the molecule predominantly interacts with endocannabinoid receptors.
Synthetic cannabinoids are far more dangerous than marijuana, partially due to their greater potency as agonists at CB1 receptors [12, 13] . Clinical effects are unpredictable due to the wide variety of molecules, inconsistent dosing, and variable potency of individual products. Myocardial ischemia has been reported in young healthy patients, and others have presented with acute kidney failure, seizures, and death associated with SC abuse [4, 7, 8, [14] [15] [16] . In each of the reported outbreaks, approximately 15% of cases were admitted to intensive care units. Many small case series describe heterogeneous treatments; outcomes vary by the individual compound abused and the hospital in which the patient is treated. No consensus exists regarding treatment for SC toxicity. Therapeutic approaches range from simple observation to aggressive pharmacologic intervention, even in patients with similar clinical presentations. Clinicians require an overview of the clinical presentation, the treatment used, and outcomes associated with SC abuse. Accurate epidemiologic, demographic, and sociologic assessment of abusers can help establish treatment recommendations and guide substance abuse intervention despite the heterogeneous nature of this drug class.
Medical toxicologists have more experience caring for acutely toxic patients with synthetic cannabinoid exposure than perhaps any other group of medical specialists. The objective of this study was to determine the clinical characteristics of patients with SC toxicity. This study utilizes the unique capabilities of the national Toxicology Investigators Consortium (ToxIC) to provide the largest cohort to date with detailed clinical descriptions and management reported by medical toxicologists treating these patients at the bedside.
Methods Study Design and Setting
This is a multicenter cohort study of patients presenting to medical care after a history of synthetic cannabinoid exposure. We identified SC cases contained in the ToxIC Case Registry [17] , a prospective registry of patients seen by medical toxicologists at 50 sites in the USA. The ToxIC Registry contains data from all clinical cases cared for in-person by medical toxicologists, which is the primary qualification for a case to enter the registry. Therefore, this database represents reliable clinical data entered by clinicians with specialty training in the care of poisoned patients. To enter patients into the ToxIC Registry, participating medical toxicologists use an online interface to upload information including substance involved, demographics, encounter circumstances, toxidrome, signs and symptoms, treatment, and outcomes. The practice patterns for obtaining medical toxicology consultation can be expected to vary between sites.
The definitions of severe vital sign abnormalities used in the ToxIC Registry are shown in Table 1 . Rhabdomyolysis was defined as having a creatinine phosphokinase elevation of greater that 1000 units/l. Acute kidney injury was defined as a new onset of serum creatinine concentration greater than 2 mg/deciliter. These severe vital sign abnormalities, if present, were ascertained on all patients and became mandatory to report in the Registry starting March 1, 2015.
Synthetic cannabinoid cases were identified in the ToxIC Registry by searching the Bagent^section between January 5, 2010-July 31, 2015. We extracted cases coded as synthetic cannabinoids or other novel drugs of abuse included in ToxIC (including drugs such as Black mamba, K2, Crazy Clown, etc). The case details were examined and cases involving drugs not in the SC class (such as synthetic cathinones or synthetic opioids) were excluded. The diagnosis of synthetic cannabinoid intoxication was made based on the patient history and clinical impression of the consulting toxicologist. Confirmatory lab testing was not performed though selfreport is well validated and reliable technique in substance abuse research [18] [19] [20] . Only U.S. sites were included in this These sites were selected on the basis of geographic representation that was part of the BNIDA National Early Warning System Network (iN3)^pilot study. These data characterized the patients' knowledge, attitudes, beliefs, and practices surrounding drug abuse. We report (1) the reasons why they use SCs and (2) how much they paid for the drug. iN3 was approved by the local institutional review boards from the iN3 subregistry.
Analysis
Descriptive statistics were used to characterize patient demographics, clinical features, and treatment characteristics. Missing variable completion was reflected by reporting both the numerator and the denominator of the reported variables. Linear regression was used to determine correlation between continuous variables and two-sided chi-square with odds ratios were used to determine correlation between categorical variables. A p value of less than 0.05 was considered statistically significant.
Results

Patients
Medical toxicologists participating in the ToxIC Registry cared for 39,925 cases between 2010 and 2015. Three hundred fifty-three of these cases were determined to be SC toxicity by the treating toxicologist. See Fig. 1 for ToxIC sites and distribution of sites reporting SC toxicity. The rates and overall numbers of SC cases reported have increased progressively with the exception of 2013, when cases numbers were stable (Fig. 2 , Table 2 ). The median age in these cases was 25 (range 2-66, IQR 18, 36) and the majority were males (n = 297, 84%). Demographic data for these patients is shown in Table 3 . Three hundred twenty-one (90.9%) cases were exposed for drug abuse purposes, 10 (2.8%) were unintentional exposures, 6 (1.7%) were treated for SC withdrawal, and the reason of exposure was unknown in 16 (4.5%) patients. Only 20 (5.7%) patients had consumed the drug with other agents; 12 (3.4%) had used marijuana and 8 (2.3%) had used an additional sympathomimetic agent.
Clinical Presentations
91.2% (n = 322) of the patients had signs or symptoms associated with use of SCs as determined by the treating medical toxicologist. Ninety-nine (28.1%) patients presented with severe vital sign abnormalities. Forty-four (12.5%) had heart rates above 140 beats per minute. Only one of these patients had also taken a sympathomimetic agent. Interestingly, bradycardia was the second most commonly reported severe vital sign abnormality with 20 (5.7%) cases having heart rates of less than 50 beats per minute. Fifteen (4.2%) patients had hypotension. Five patients (1.4%) had both severe tachycardia and severe hypotension, four (1.1%) had severe tachycardia and severe hyperthermia, three patients (0.9%) progressed from severe hypertension to severe hypotension. The most common presenting signs were agitation characterized by delirium and toxic psychosis, n = 146 (41.4%). Twenty-five (7.1%) patients had hallucinations. An additional 85 (24.1%) patients presented with coma or central nervous system depression, 59 (16.7%) had seizures, and twenty-six (7.4%) had central respiratory depression. There were no cases of status epilepticus. Seventeen (4.8%) patients had rhabdomyolysis and 12 (3.4%) had acute kidney injury.
Treatments
The majority of patients required treatment for toxicity (n = 214, 60.1%). A wide range of treatments were provided. The most common pharmacologic intervention was benzodiazepines (n = 131, 37.1%) followed by antipsychotics (n = 36, 10.2%). Almost 9% (n = 31) received both benzodiazepines and antipsychotics. Naloxone was given in 12 (3.4%), 9 received anticonvulsant therapy (2.5%), and 8 (2.3%) received neuromuscular blockers and mechanical ventilation. Patients who had seizures were more likely to receive benzodiazepines (OR = 3.0, 95% CI = 1.7-5.3) and anticonvulsants (OR = 4.2, 95% CI = 1.1-16.2). There was no association between seizures and antipsychotic treatment (OR 0.4, 95% CI = 0.1-1.4). Only three of the 15 patients who presented with severe hypotension required vasopressors. Benzodiazepines were not associated with hypotension (OR = 1.1, 95% CI = 0.4-3.3), and no patients with hypotension received antipsychotics. Neither benzodiazepines nor antipsychotics were associated with bradycardia (OR = 0.9, 95% CI = 0.4-2.3 and OR = 0.4, 95% CI = 0.1-3.5, respectively). Therefore, there was no evidence that benzodiazepines or antipsychotics were associated with significant heart rate or blood pressure decline. Two patients had ventricular dysrhythmias though one of these also had used methamphetamine and gamma-hydroxybutyrate. Neither patient was treated with anti-arrhythmic agents and both recovered.
Clinical Outcomes
There was one death reported over the study period. Disposition was available for 276 (78.2%) of the 353 cases. Of these, one hundred sixty-seven (61%) were managed in the emergency department, 42 (15%) were admitted to the hospital floor, and 67 (24%) were admitted to the intensive care unit (ICU). Patients with seizures were more likely to be admitted to the ICU (OR = 2.4, 95% CI = 1.3-4.7). In patients who had seizures, there was no association between benzodiazepine, anticonvulsant, or antipsychotic treatment and disposition to the ICU (OR = 0.5, 95% CI = 0.15-1.5; OR = 0.3, 95% CI = 0.01-8.3; OR = 0.06, 95% CI = 4.87 × 10 −102 -∞, respectively). Only one of the 8 patients that had used a sympathomimetic agent was admitted to the ICU and none had seizures.
Reasons for Use and Cost
Over the study period, there were 75 cases in the iN3 subregistry. Of these, 43 cases of abuse of synthetic cannabinoids were reported by 11 centers. Age and gender of these cases were similar to the overall cohort (median = 28 years of age, IQR 22, 40 and male 95%). The most common primary reason patients used SCs was to get high (n = 28, 65%), only three (7%) subjects reported using the drug with the expressed purpose of evading drug testing and two (5%) reported used to treat medical symptoms. The typical cost of the drug, when known, was 10-30 dollars for 3-5 g. However, a proportion (n = 13, 30%) of the patients were given the drug and unaware of the cost. 
Discussion
This prospectively collected cohort from the ToxIC Registry demonstrates that SC users are predominantly young males using the drug with the expressed desire to get high. Hemodynamic instability and central nervous system toxicity are common among SC users, and these patients frequently require ICU admission. The data presented herein suggests that SCs are inexpensive and readily available, as demonstrated by widespread reporting to the ToxIC network (Fig. 1) . Our study reaffirms the demographics seen in prior case series [7, 8, 15, 21] . We believe that the data presented here are likely to be representative of the majority of SC patients requiring medical care because our cohort represents the largest and most geographically diverse group of patients who have developed clinical illness from SC use. Notably, medical toxicologists are frequently consulted for the sickest subset of patients presenting with SC intoxication, likely contributing to the slightly higher rate of ICU admissions and percentage of patients with seizures in our cohort.
We could find no evidence that the administration of benzodiazepines, antipsychotics, or both reduce the likelihood of admission to an intensive care unit. These therapeutic modalities appear to be safe for use in this patient population, and we found no evidence that they were associated with hypotension, bradycardia, or mechanical ventilation. However, these data are observational and associations are in reference to untreated SC intoxicated patients, which may be a biased comparator. Ideally, these treatments should be tested by a randomized clinical trial. However, the likelihood of such a trial being done in sporadically occurring patients is small.
These data do not elucidate why some SC users develop severe signs or symptoms and require hospitalization. The role of dose contributing to the severity of local outbreaks has not been documented and dose cannot be illuminated from the current core registry data. However, increasing potency of the newer generation SCs, demonstrated by structure-activity relationship studies [6, 13] , and failure to decrease the amount consumed of these more potent molecules may contribute to increased toxicity. Additionally, local outbreaks suggest that a biochemical explanation of this phenomenon may be related to the specific compound ingested and other concomitant drug use. Reported concomitant drug use was not common in this cohort nor was co-ingestion associated with more severe toxicity.
Identification of the specific molecules associated with severe effects is necessary to facilitate add particularly noxious molecules to the schedule 1 list [5] . In our study we did not have analytical confirmation for the substances actually used and the treating toxicologist relied on the patients' history and a consistent clinical syndrome to make the diagnosis. Detection of SCs by traditional immunoassay and targeted mass spectrometry-based methods is an enormous analytical challenge because of the rapid turnover in the molecular identity of the major component in SC products. Clinical laboratories and commercially available assays cannot keep up with this turnover; hence, failure to detect the newest and most frequently used SC is the norm in SC testing. Even research laboratories are often required to synthesize their own standards for newly identified compounds to respond quickly to this analytical challenge. Very few, if any, clinical and forensic testing laboratories have this capability. Clearly, this is an area in need of further resources.
While some users may hope to evade detection by standard drug screens, others may use SCs preferentially due to ease of procurement or inexpensive cost given that the predominant reason for use was to get high. Targeted public health interventions highlighting the dangers of SCs have resulted in abrupt decline in hospitalizations [7] . Therefore, educational campaigns at sites of procurement and use, such as convenience stores, clubs, and music festivals may limit illness associated with use. Additional qualitative sociologic data may help identify specific reasons that users choose these drugs and can identify knowledge gaps in risk perception. This will subsequently improve public health educational efforts. Further studies utilizing the sociologic data collected in iN3 should expand the understanding of knowledge, attitudes, beliefs, and practices of SC users with the goal of targeting substance abuse education and intervention.
Limitations
The ToxIC Registry is specifically designed to capture medically consequential effects of drug exposure. Therefore, this study only characterizes patients seen at the bedside by medical toxicologists and thus likely overestimates the severity of illness in users. Likewise, patients that died prior to arriving to the hospital would not be captured in the ToxIC Registry. Medical toxicologists most frequently serve as consultants and generally are not primarily responsible for the overall management of these patients. Responses to Registry items became mandatory on January 1, 2015 and thus underreporting of some vital sign abnormalities, treatments, and symptoms prior to this date is likely. Consulting medical toxicologists generally provide treatment recommendations, but in some settings treatment decisions are the responsibility of the primary physician team caring for the patient. This may have led to persistence of some medications not recommended by the specialists, such as anticonvulsant and antipsychotic treatments. Finally, these exposures were not confirmed in biologic samples in the vast majority of cases and the report of exposure is taken directly from patient and/or provider report. While lack of confirmatory testing is a limitation, this is standard practice and there is substantial support for the validity and reliability of self-report data in substance abuse research [18] [19] [20] . We feel that self-report paired with experienced provider evaluation make false positives unlikely.
Conclusions
In summary, SCs can be associated with severe central nervous system and cardiovascular effects. Benzodiazepines and antipsychotic therapies are the most frequently used pharmacologic interventions and appear to be safe in these patients. Educational efforts focused on outlining the risks of use and more robust molecular identification are needed to help limit clinical illness associated with SC use.
Author Contributions AAM and DPC conceived the study. AAM drafted the manuscript. SLC provided data management. EH performed statistical analyses. RGC provided funding and data management for the iN3 subset of the data. RRG, EH, JB, and PW provided topical expertise, critical manuscript review, and editing throughout the manuscript development process. All authors have reviewed and approved the manuscript.
